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Videotex systems send high-quality images | 


via telephone lines or the airwaves to 
computers. The enormous potential and 


relatively inexpensive operating costs of | 


these systems mean that they are finding 
increasing favour with micro owners. We 
look at the principles behind videotex, and 
consider some successful systems. 


Most home computer users have grown 
accustomed to a level of computer graphics that is 
well below photographic quality. A higher 
standard of picture, however, is just one of the 
technical capabilities of what has come to be 
known as ‘videotex’. Confusingly, the word 
videotex has acquired two related but differing 
meanings, depending on whether it is used in the 
UK or the US. The former covers visual and 
textual information distributed by either television 
transmitter or cable. In the US, the term ‘videotex’ 
is applied to a mixture of text and video 
transmitted solely by cable. 

The drawback with any high-quality videotex 
system is the speed at which images appear on the 
screen. While a typical Prestel viewdata page 
generally takes under a second to fill the screen, it 
can take 10 seconds or longer for the screen to fill 
in other videotex systems. The reason lies in the 
amount of data that needs to be transmitted for a 


VISUAL TRANSMISSIO 


single screen to appear. British Telecom’s Prestel 
and Photo Videotex systems make a good 
comparison. 3 

Screen definitions are quantified in pixels. A 
typical Prestel page will be 234 pixels by 22 lines. 
By contrast, a Photo Videotex screen has a 
definition of 270 pixels by 240 lines, but pays for 
the increased definition with the far higher data 
requirement to store such a picture. (Photo 
Videotex requires 128 Kbytes whereas a Prestel 
page needs five Kbytes at most.) 

Data compression is playing an increasingly 
important part in lowering the data requirement. 
Photo Videotex, for example, is able to compress a 
theoretical 128 Kbyte requirement to an actual 64 
Kbytes. Eventually, ‘intelligent’ systems will be 
able to sample the screen and send data only for 
the parts of the picture that have changed. The 
resulting amount of data needing to be sent will be 
dramatically lowered. 

_Videotex can be used for any application in 
which text needs to be mixed with colour 
illustrations. For example, in security systems, 
which are major users, videotex helps to match 
faces to names. With this arrangement, a guard is 
able to call up onto a monitor records held on a 


CRISPIN THOMAS 


(Club 403) from an 


VIDEOTEX/ APPLICATION 


central database. Against a keyed-in name, a 
record will appear containing a colour photo of the 
individual plus a certain amount of personal 
information. Should the guard be uncertain that 
the individual matches the photo, it is a simple task 
tc double-check and ask for a date of birth, 
national insurance number and so on. 

Videotex is also a major advertising medium. 
Travel agents and estate agents already make use 
of viewdata systems like Prestel and Compunet 
(see page 963) to match buyers to vendors. 


Further developments to this approach might lead — 


to monitors being placed in the shop window and 
set to carousel through frames held on a database. 
Passers-by could therefore see details of the latest 
offers or houses for sale. Since videotex is 
interactive, purchasing decisions can also be 
relayed back. Travel agents, for example, could 
make definite bookings with travel companies. Ifa 
telephone line or a private network is being used, 
the two firms would not even need to be in the 
same country. 
Home shopping is available on Prestel 
independent _ service 
called the Armchair Grocer and via television 
cable. Videotex will allow users to browse through 








Video Sales 

Videotex technology enables 
users to transmit photographic 
images, text and computer 
graphics downline to remote 
terminals, thereby generating 
many different applications at 
home and in commerce. Local 
news, classified advertising and 
point of sale information can all 
be processed and linked to 
interactive systems to facilitate 
user feedback. This could be 
anything from booking holidays 
abroad to — in the future — 
viewing and commenting upon 
local planning proposals 
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shopping catalogues in the comfort of their 
homes. Purchases can be made either by giving a 
credit card number or by means of direct 
electronic funds transfer. 

The boundaries of videotex are already being 
stretched to include ‘video conferencing’. An 
American company, Datapoint, has produced a 
device called the Minx, which contains a video 
camera, a speaker telephone, a colour monitor 
and a much smaller reference screen. Using a local 
area network (Arcnet) or data line, the two parties 


can call up and see the person they are speaking to. 


The Minx has added facilities since it is also 
compatible with the IBM PC. The line which is 
carrying the voice call will simultaneously take 
both video and data signals. Thus it is possible for 


both parties to view the same data on screen 


during the conversation, while still seeing each 
other on the smaller reference screens. Files can be 
exchanged in the same manner. Such a system 
requires a two megabyte per second data link. — 


THE GNOME AT HOME 


Initially, viewdata services required a mainframe 
or minicomputer to store the data and handle 
callers. This situation is being increasingly eroded 
by microcomputers. On a small scale, the BBC 
Micro is being used by Soft Machinery to run.a 
service known as The Gnome at Home. 
Employing a number of BBC Micros linked 
together by an Econet network, it allows eight 
simultaneous callers. The software is a modified 
version of Communitel, a package developed by 
the Notting Dale ITEC as a viewdata host for the 
BBC Micro. In many ways, Communitel is similar 
to a bulletin board, although it is compatible with 
Prestel. 

Apricot has a product known simply as Apricot 
Viewdata. Costing between £10,000 and £16,000, 
it provides a private viewdata host system for eight 
to 16 simultaneous users. Using RS232 ports, the 


option is accessed via a set of modems or a local 








area network. Since it is Prestel-compatible, it 
could be linked to the Prestel system itself via a 
gateway. (Gateway is the generic term for a link 
between two computers in a viewdata system.) 

British Telecom’s Photo Videotex system also 
uses a microcomputer — the IBM PC — which 
combines colour or black and white images input 
from a PAL or RGB camera with standard text. 
The quality of picture is equal to that of a colour 
photograph. The system is both accessed by and 
run on IBM PCs, and connections are achieved via 
the Public Switched Telephone Network (PSTN), 
KiloStream or cable television. 

Videotex can provide solutions to a large variety 
of problems. As local area networks, fibre optic, 
satellite and digital telephone links come into 
greater use, videotex terminals will become a 
familiar sight in industry, commerce and even the | 
home. 
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Nired For Sight 


“videotex mice: itis a slow start 
In 1985, it was reported that only 127, 000 

households received cable television. This f ill: 
_ be around the 300,000 mark when the young cable - 
companies like Westminster Cable come yet on 
‘steam 
~ In 1984, an experiment it in sche Westen f 
- software was carried out. Called the Gamestar — . 


| Project, it was a joint venture between British 
_ Jeecom and Micronet 800. Users could hire 
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The introduction of the portable operating 


system ushered in a new era for 
microcomputers. Following our series on the 
eight-bit industry standard CP/M from 
Digital Research (see page 1264), we now 
look at Microsoft's MS-DOS, which has 
emerged as the 16-bit standard, and the 
basis for the much copied IBM PC-DOS. 


fi the initial days of eight- bik microcomputers, the 
industry was dominated by machines using the 
Zilog Z80 processor and CP/M. This disk 
operating system was originally written for the 
Intel 8080 chip by Gary Kildall, who subsequently 
founded Digital Research. 





By the time IBM decided to enter the micro 


arena, eight-bit systems were nearing the end of 
their useful life — yet no definitive combination of 
CPU and operating system had emerged as a 16- 
bit replacement for the Z80 and CP/M. IBM 
therefore had the option of introducing a 
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STANDARD 
BEARER 


completely new hardware and __ software 
configuration for the 16-bit market. They chose 
not to do so for several reasons: 


1. Despite dominating the mainframe world, IBM 
had no experience of the radically different micro 
computer market. 

2. The success of DEC (Digital Equipment 
Corporation) in the minicomputer field had 
shown IBM that users were no longer prepared 
automatically to buy IBM’s products without 
serious assessment of their value. 

3. The length of time required to develop an 
adequate software base for any new system would 
have been unacceptable in the fast-moving micro 
world unless IBM gained the support of third 
party software houses. 

4. The development costs of both software and 
hardware would have meant unacceptably high 
end-user prices. 


The decision was consequently taken to adopt the 
‘best’ of what was currently available (meaning 
whatever was dominant in the marketplace), and 
adapt it where necessary for 16-bit systems. 

This approach was hardly innovative, and the 
resulting machine, the IBM PC, is conservative in 
design, slow in execution speed and breaks no new 
ground, especially in comparison with its 
contemporaries, such as the Apple Lisa. Even the 
choice of Intel’s 8088 processor and a 
commitment to future developments centred 
upon the 8086/186/286/386 series of chips 
(known generally as the 8086 family) was a 
pragmatic decision. Although the 8088 had an 
internal 16-bit architecture, the external data bus 
was only eight bits wide. This entails each 16-bit 
‘word’ being fetched in two operations, thereby 
slowing down the processing speed, but enabling 
the use of existing well-proven (and cheap) eight- 
bit peripheral chips. 

For an operating system and applications 
software, IBM approached Microsoft, a company 
that had become a major name in microcomputing 
primarily because of its popular dialect of BASIC. 
At the time, Microsoft was in contact with a firm 
called Seattle Computer Products, which was 
working on Intel-based 16-bit systems. In the 
absence of a CP/M for the 8086 family, 
programmer called Tim Patterson had written a 
machine code DOS (called SCP-DOS) which hed 
modelled closely on CP/M. His system was also 
known as QDOS (not to be confused with 
Sinclair’s OS for the QL), and this stood for “quick 
and dirty operating system’. That description 
fitted it perfectly Pattersons OS was 
serviceable, but not entirely developed and 





debugged. Microsoft subsequently bought the 
rights to the system and licensed it for use by 
original equipment manufacturers (OEMs). 


PC-DOS 

IBM produced its own version (version 1) of MS- 
DOS for the IBM PC called PC-DOS, and has 
since kept up with the major developments in 
subsequent MS-DOS versions — all subsequent 
references in this series to an MS-DOS version can 
be applied equally to PC-DOS. But let’s first look 
at some of the differences between the two. As far 
as the user is concerned, there are essentially none. 
Some internal details differ, and some trivial 
details such as the numbering of disk drives vary, 
but that’s all — in theory, at least. Unfortunately, 
however, many applications programs have been 
written for the IBM PC which address the 
hardware directly, instead of using the operating 
system calls provided. This is the main reason why 
compatibility problems arise (it is not a problem 
inherent in the different versions of MS-DOS and 
PC-DOS). Programs that call DOS correctly are 
described as being ‘well-behaved’, and such 
programs should run unmodified on any machine 
with either MS-DOS or PC-DOS of the same or 
later versions. Naturally, applications that make 
use of recent enhancements to DOS in, say, 
version 3.1, can not be expected to operate 
successfully when running on an earlier version 
that does not support those particular features. 

The first version of MS-DOS was essentially a 
version of CP/M-80 recoded for the Intel 16-bit 
family. If you refer back to our CP/M series 
(beginning on page 1264) you will recognise many 
of the commands and notice the similarities of 
internal structure. Tim Patterson did change 
several details, however, and improved the user- 
friendliness of many commands. 

When Microsoft started working on 
enhancements, it had in mind the future use of 
Unix (the Bell Labs multi-user operating system) 
and, in particular, the Microsoft version, Xenix. A 
degree of compatibility between the two was 
aimed for, with common system calls being 
implemented. But by far the most important 
advance in DOS 2 from the user’s point of view 
was the introduction of I/O ‘redirection’, 
‘pipelines’ and ‘hierarchical directories’, all of 
which were ideas borrowed from Unix. We'll have 
a close look at the use of these powerful extensions 
to DOS in future instalments of this MS-DOS 
series; for the moment, though, we can consider 
DOS 2 to be ‘DOS 1 plus a little Unix’. 


DOS 3 

The most recent version of MS-DOS — DOS 3 — 
incorporates all the facilities of DOS 2 with the 
addition of multi-user support. Of the two main 
subsidiary versions — 3.0 and 3.1 — OEMs 
providing networking systems, such as Apricot 
and Research Machines Limited, are using version 
3.1 with Microsoft Networks built in. 


This can make the operating system 


pies 


unnecessarily large, however, so for other 
environments DOS 3.0 is available, stripped of 
3.1’s networking capability, but retaining facilities 
for file sharing and record locking. The soft 
solution provides a useful and effective answer to 
the problems of running applications that need to 
allow simultaneous access to common databases. 

The latest Intel processor (80286), used in the 
IBM PC-AT, has both a memory addressing 


capability of three Mbytes and, built in to the 


hardware, the ability to lock regions of files. DOS 
3.0 allows file sharing on the 8086 and 80186 by 
means of extra system calls that can temporarily 
deny access to a region. This prevents ‘access 
collision’, but at the expense of processing speed 
(extra time being taken by the system calls). Other 
improvements have been made, and although one 
or two remnants of the Seattle ‘quick and dirty’ 
DOS are still to be found, MS-DOS can be seen as 
a mature product with a future. | 

Among the most important enhancements 
currently available is Microsoft Windows. Like 
DR’s GEM, this provides a WIMP-like 
environment together with facilities for multi- 
tasking and ‘cut and paste’ operations between 
applications. It is being implemented as an 
extension to the basic MS-DOS/PC-DOS 
operating system, and is designed to herald a new 
era in the ease of use of otherwise conventional 
computers. In the next instalment, we will 
examine the common nucleus of conventional 
MS-DOS commands and their use. 





Displaying Dominance 

The dominance of the IBM PC 
and its adoption of MS-DOS 
(under the label PC-DOS) has 
assured MS-DOS first place 
among 16-bit business 
Operating systems. In fact, the 
system started life as a rough- 
and-ready customisation of 
CP/M by an ex-Digital Research 
employee. It was subsequently 
bought by Miscrosoft, who 
licensed it to IBM 
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Giving Us A Hand 

A three-dimensional array, 
HD(,,), is used to hold the 
player’s and banker's hands as 
cards are dealt from-the deck. A 
second array, HP(), holds 
pointers to the next free space in 
each section of the hand array. 
At the end of each game the 
program does not need to clear 
the array; it merely has to reset 
the pointers to one 












PLAYING BY 


THE RULES 





In our pontoon programming project so ar, 
we have put together the routines that 
handle the card display, shuffling and 
dealing. We now look at how a player’s hand 
is Stored, and design a routine that will 
evaluate the hand at any stage of the game. 





Before looking at the programming for this 
instalment, let’s briefly outline the rules our 
program will play by — there are as many versions 
of the game as there are names. All, however, have 
several fundamental aspects in common, the most 
relevant of which is that the player tries to get as 
close to 21 without going over. The cards in our 
program carry the following values: numbered 
cards score according to their face values, picture 
cards (jack, queen and king) score 10, and aces 
either one or 11, at the player’s discretion. 

In its simplest form, pontoon is played by one 
player against the ‘bank’, which deals two cards 
from the top of the deck — one face up to the 
player and the other face down to itself. Another 
card is then dealt face up to each, at which point 
the player must decide whether to ‘stick’, if his 


hand is at 21 or close to it, or ‘twist’ and receive 
another card. The risk, of course, is that the player 
may go over 21, and ‘bust’. After the player sticks, 
the bank will then play its hand until either beating 
the player or going bust. 

We have introduced in this program some extra 
rules, which are commonly used in pontoon. First, 
you are not allowed to stick if your hand is less than 
17. Secondly, if your score is 12, 13 or 14 after 
being dealt the first two cards, you have the option 
of having your cards ‘burned’, and having another 
two dealt. In the event of a tie between the bank 
and yourself, the bank always wins. 

Although we've looked at dealing cards from 
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the pack and displaying them (see page 1729), we 
didn’t show you how the dealt cards could be 
‘remembered’ by the program. To hold the player’s 
and banker’s hands, we'll set up a three- 
dimensional array HD(,,). Since neither side will 
ever require more than five cards, this array is 
dimensioned in line 550 to be two elements (for 
the two players) by five (for the cards) by two (to 
hold the card numbers and suits separately). A 
second array, HP(), is used to hold a pointer to the 
next free space in the hand array for each player. 

We need, at this stage, to add line 1325 to the 
deal routine developed previously so that the card 
number, CN, and the suit number, SU, are added 
into the hand array and the hand pointer 
incremented. Note that if PL=1 on entering this 
routine, the card dealt is entered into the player’s 
half of the hand array; if PL=2, the card details are 
entered into the banker’s half. 

The first four cards in the game can now simply 
be dealt by setting PL to 1 or 2 and calling the deal 
routine. Because the first card to be dealt to the 
banker must be face down, the deal routine is 
written in such a way that if a flag (FL) 1s set to 1, the 
card back display routine is called. The details of 
the hidden card are entered into the hand array. 


EVALUATING A HAND 


The subroutine at line 800 is designed as a general- 
purpose evaluation routine that performs two 
functions. First, it calculates the total value held in 
the hand being examined, and secondly it sets 
variable EF to a value between 1 and 5, 
corresponding to the five possible states that a 
hand can be in. Working out the state of a hand is 
relatively straightforward, but what’s more 
difficult is to calculate the total value of the hand. 
Although it seems at first sight that all we need to 
do is total the card numbers held in the hand array, 
picture cards all score 10 and aces score low or 
high. This first problem can be easily solved by 
testing the card number — if it’s bigger than 10, 
then 10 will be added to the score total. 

The aces problem, however, needs more 
thought since a hand can contain up to four aces, 
creating up to 16 different score permutations to 
deal with. Most of these permutations, in fact, 
aren't worthy of consideration since they 
immediately bust the hand. We can therefore 
follow a simple rule for dealing with aces: the first 
ace in the hand can score one or 11, but any 
subsequent aces count as low or the hand will bust. 

When it comes to coding this rule, the simplest 
way to handle it is to have two score options: 
TT(PL,1), in which the first ace is counted low, and 
TT(PL,2), in which the first ace counts high. We use 
a single loop to add up the hand values, treating 
any aces encountered as low, and count up the 
number of aces. On exiting the loop, we test the 
aces count and if not zero we add 10 to TT(PL,2). 
The remainder of the evaluation routine then tests 
the totals in TT(PL,1) and TT(PL,2) or the hand array 
directly to determine which state the hand is in and 
sets the evaluation state flag, EF, accordingly. 
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TELEPRINTER 


A teleprinteris a device capable of transmitting or 
receiving messages from other devices. The 
equipment consists of a typewriter keyboard for 
inputting messages and a modem for transmitting 
or receiving the signals through the telephone 
network. The system will normally include a 
printer to produce hard copy of both mput 
information and arriving messages. 

Although they are now being replaced by more 
modern systems, most teleprinters still run on the 
paper tape system (see page 1228), whereby 
messages will be typed in and encoded onto the 
tape. This will then be fed into a device that will 
convert the perforations into electrical signals that 
can be sent down the telephone line. More 
modern systems display the message on a VDU 
screen. In this case, the message will be encoded 
automatically and sent by a computer once the 
user 1s satisfied with it. 


TELETEXT 


Now being fitted to an increasing number of 
television sets, teletext is a broadcasting system 
that transmits ‘pages’ of text and character 
graphics. The text is mostly information such as 
news and weather, although most teletext services 
also offer ‘fun’ pages, such as children’s puzzles 
and local goings on. The system works by 
broadcasting the pages of the teletext 
simultaneously over an unused channel from 
television transmitters. Specially adapted 
television sets are able to pick up the broadcasts 
and the viewer can select pages by way of a 
‘channel converter’. 
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Bankable Assets 

Although the use of public information systems such as the 
Prestel viewdata service is becoming more popular, interactive 
systems have yet to become widely available. These are 
facilities, anticipated at the beginning of the home micro 
revolution, which enable users to shop, bank and book holidays 
and flights without leaving home. The reason for the delay in 
developing such systems is that the cost of installation 
compares unfavourably with the estimated return on investment 


TERMINAL 


A terminalis simply a keyboard and display unit 
through which a user can communicate with a 
computer. This used to be done from a teleprinter 
keyboard, but is almost entirely done now with 


COURTESY OF PRESTEL 





VDU systems. 

There are two types of terminal, although the 
actual dividing line between them is not 
pronounced. A ‘dumb terminal’ has no processing 
power of its own but merely transmits signals to 
the computer, where all the processing is 
performed. ‘Intelligent terminals’, on the other 
hand, are basically microcomputers connected to 
a mainframe or minicomputer. They are capable 
of performing some data processing and storage, 
although large number crunching applications 
and database access is left to the larger machine. 

The advantage of intelligent terminals over 
their ‘dumb’ cousins is that they take up less 
(expensive) time on the mainframe, keeping it free 
for more cost-efficient tasks. 


TESTING 


The process of examining a system to ensure that it 
is behaving as intended is known as testing. When 
a system is completed, a number of test runs will be 
made to ensure that the answers given are correct. 
Test data will also be input for the programs to 
work on. This test data will often contain 
deliberate errors in order to ensure that the error- 
handling routines are working correctly. 
Structured programs are therefore much easier to 
debug, since errors in the coding can easily be 
located within a particular module of the program. 

If the program is structured, each of the 
modules can be tested independently. This is — 
known, naturally enough, as ‘module testing’. 
When each is working satisfactorily, the modules 
can be tested to see if they work together. ‘This 1s 
known as ‘integration testing’. 


TEXT EDITOR 


A text editoris a program, or number of programs, 
which enable the user to alter or change text within 
a document or program. Although text editors are 
an essential part of any computer system, they 
have many features in common with word 
processing packages (see our series beginning on 
page 1695). In order to perform its job properly, a 
text editor has to be able to place a cursor at any 
position in the text while having the capacity to 
insert and delete characters where necessary. 

There are two major types of text editor 
commonly in use on home micros (though many 
computers have features that overlap between the 
different types). ‘screen editor’ the 
Commodore 64 offers the most common example 
on a home micro — allows the user to move the 
cursor over the entire screen and edit accordingly. 
On the other hand, a ‘line editor’, such as that seen 
on the Sinclair Spectrum, allows only a single line 
to be edited, which has to be ‘pulled down’ from 
the main text. 

Early operating systems like CP/M had small 
text editors built into them to allow the user to 
write short notes and memos. With the advent of 
sophisticated word processing packages, this 
function has been superceded and the text editor is 
now mostly used for editing programs. 
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Colour By Numbers 

Video controllers like those 
used in the Amstrad CPC range 
and the BBC Micro encode 
colour and pixel on/off 
information together in 
memory. On both these 
computers a number of screen 
modes are available that 
interpret the binary patterns 
held in memory in different 
ways. In a 16-colour mode, four 


_ bits are needed to encode each 


pixel’s colour; thus only two 
pixels can be represented in 
each byte. In four-and two- 
colour modes, only two and one 
bits, respectively, are needed to 
colour code a pixel. In these 
modes a byte can represent four 
or sight pixels 


MAKING A 
DISPLAY 


We continue our short tour around the 
major components of a home computer 
system with a look at two different types of 
video display chip. We'll see how binary 
patterns in memory are converted into 
pictures on screen. 








A major selling point of any home computer is the 
quality and diversity of its video display. How 
many colours can be displayed? What is the 


maximum number of characters that can be — 


displayed on a line? Does the computer have 
sprites? Most of these questions have their answer 
in the type of video chip used in the machine. 

A video chip (sometimes called a CRTC — 
cathode-ray tube controller) has a basic function 
to perform — it takes display data, held as bytes in 
memory, and converts it to shapes and colours on 
the screen. Video chips differ from each other in 
the way that the data is converted into picture 
information. 

Because video chips need to have close links 
with the memory from which they take their 
display information, dynamic RAM refresh 
circuitry (see page 1710) is normally built into the 
chip. As with the PIO chips, discussed in the 
previous instalment (see page 1732), video chips 
have programmable internal registers that control 
their functions. Normally, the direct programming 
of the mole is done 2 the ap eel S operating 


CEPT |e 
| Aes oes Bere heron eae ee SCREEN MEMORY —— 


|covouRs 1 


2 DISPLAY IN INA 
_16- CO LOUR MODE 


( 7. oe . 


DISPLAY INA | 
TWO-COLOUR MODE 





system, but special video effects can be achieved 
by programming the video chip yourself. 

The first type of video chip that we'll look at 
holds all its display and colour data together in 
memory, making the task of conversion to a 
picture much easier. This is the type of display 
used by the BBC Micro, Acorn Electron and the 
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Amstrad CPC range. Such chips normally support 
a number of different display modes in which 
character size and the number of available colours 
vary. The first diagram shows how a single byte in 
memory will be interpreted in different screen 
modes. Although the video chip’s work 1s 
simplified by this type of arrangement, and it is 
easy to mix text and high-resolution graphics, the 
drawback is the large amount of memory required 
to hold a screenful of information. A 160 by 256 
pixel display with 16 colours, for example, ae 
20 Kbytes of memory. 

When the cost of memory was at a premium, » 
such display methods were not feasible and an. 
alternative display methoc was used, which is still 
present in the Commodore 64. Rather than 
holding every pixel of display and colour 
information explicitly in memory, this second type 
of video chip uses a simplified system for 
displaying character-only graphics. In such a 
display, each character position corresponds to a 
byte in memory. Each byte merely holds a 
character code that is used by the video chip to 
access a ROM table of the actual eight-by-eight 
pixel character definitions. Thus a 40 by 25 
character display requires less than one Kbyte. 
Colour implementations of this kind of system use 
another 1,000-byte area to hold colour data; each 
byte holds a colour code for the corresponding 
character position. 


VIDEO DISPLAY 

The video display system used by the BBC Micro 
(and others) still has to use ROM character 
definitions, but these are accessed by the operating 
system when a character is to be written into the 
screen memory. The process of looking up the 
definition and performing the necessary 
manipulations to encode the integral colour 
information is done at the writing to screen 
memory stage, rather than at the memory-to- 
picture conversion stage. 

Video displays based around this second 
method normally have a second, high-resolution 
mode in which the bits held in memory are in 
direct correspondence with pixels in the final 
display. This type of graphics display is known as 
bit-mapping. The colour information is not 
encoded within the display bits (as in the first 
system described) but is held in the same way as 
for the character-only display. That is, a 1,000- 
byte RAM area in which each byte holds colour 
information for an eight-by-eight pixel area of the 
screen. 

On the Commodore 64, this allows high- 
resolution graphics, but text cannot be mixed in 
directly unless you write your own routines to 
write the actual character definitions into the bit 
map. Interestingly, this is the approach adopted by 
the Spectrum, which stores its screen as a simple 
bit map and uses a separate colour RAM to 
control each eight-by-eight pixel section of the 
screen. Characters and high-resolution graphics 
can be mixed on the Spectrum because the 





operating system writes the actual character 
definitions into the bit map. 


SPRITES AND SCROLLING 


The display of sprite graphics is controlled by the 
video chip (should the facility be present). 
Normally, sprites are defined by bit images in 
RAM and their positions on the screen, and other 
attributes such as colour and size, are controlled by 
internal registers on the chip. Because a single chip 
is used to handle normal graphics and sprites, 
video chips like the Commodore 64’s VIC can be 
programmed to generate interrupts when sprites 
collide with other sprites or with background data. 

The two types of video chip discussed here 
support scrolling in different ways. The second 
type performs scrolling through software. Since 
the number of bytes that make up the screen 
display is small, moving the screen data to new 
locations can be done quickly in machine code. 
The large number of bytes needed to hold the 
screen, in the first method, means that software 
scrolling is too slow. Video chips based on this 
system therefore incorporate a ‘start of screen’ 
register, which holds the address of the beginning 
of the screen memory. Scrolling can therefore be 
achieved by simply changing the address in this 
register, and by careful manipulation this method 
can be used to scroll the screen up, down, left or 
right. 

The type of video chip used in the BBC Micro 
has much less work to do than, say, the VIC chip in 
the Commodore 64. It can therefore make its 
memory accesses during the phase of the clock 
cycle when the processor does not access memory 
itself. The video chip, therefore, does not slow the 
processor down. In addition to using the video 
chip, the BBC Micro incorporates a custom- 
designed ULA, which provides timing for the 
entire system, works out the relationships between 
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logical and physical colours and provides RGB 
video output. 

The VIC chip needs to make several accesses to 
memory. Some, such as RAM refresh and 
character data fetches (in the BBC Micro), are 
invisible to the processor, because they can be 
done on the alternate phase of the system clock. 
Some functions need data at a faster rate than this 
and processor operations need to be temporarily 
suspended while the video chip makes its memory 
ACCESSES. 
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‘ESSERE SSA Ro eR 


The Apple Macintosh supports a wide 
variety of graphics capabilities under its 
WIMP environment, but it also 
accommodates a very efficient word 
processing system. MacWrite’s methods of 
manipulating text are handled entirely by 
mouse control, doing away with the usual 
control characters. 


SS 
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In contrast to the packages we've looked at in the 
previous instalments of this series, which are based 
on menus and control characters, MacWrite, the 
word processing package bundled with the 
Macintosh, relies heavily on the mouse-based 
pull-down windows and icons now expected from 
a Macintosh program. 

On booting MacWrite, you are presented with 
the opening screen, consisting of a large window 
on which the document will be displayed. Above 
that is a series of icons and a ruler, and at the top 1s 
a menu bar consisting of six titles. Below this is the 
title bar where the name of the current document 
is shown. 

Unlike most other packages, on which the 
cursor is moved with the aid of control keys, 
MacWrite manipulates it with the mouse 
controller. On other word processors, the cursor is 
used to set a position in the text that indicates 
where a particular option is to be performed. It can 
be positioned, for example, to insert text or create 


a block. The cursor is used identically in 
MacWrite, but it is also used to move the icons, 
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A MOUSE 


which alter the Tab and margin controls, as well as 
pull down and select items on the menus. 

Pulling down a menu displays a number of 
different options, but not all of them are 
immediately usable. ‘Those available are shown in 
black print while the others are shaded grey. The 
menu will often consist of a number of preset 
options, with the currently selected one having a 
tick next to it. Selecting another preset option will 
move the tick to that selection, indicating that this 
is the current default option. 

The File menu contains the DOS commands 
that allow you to open and close files, as well as 
save them under the current, or a different, 
filename Also included in this menu is the Print 
command. 

The second of the menus listed is Edit, which 
provides a number of commands for manipulating 
the text. Perhaps the most important of these for 
the beginner is the Undo command, which will 
erase all of the actions performed since the mouse 
button was last pressed. This might seem drastic, 
but many errors will occur due to incorrect 
selections with the mouse. Thus very little valuable 
work will actually be lost using Undo. Also 
included in this menu are the block movement 
commands. 


BLOCK COMMANDS 


As with WordStar, blocks are created by 
delimiting the required text. After placing the 
cursor at either the beginning or end of the block 
and pressing the mouse, the cursor will change to 


LEFT MARGIN MARKER 








SINGLE SPACE BOX 


INDENTATION MARKER 1.5 SPACE BOX 


REGULAR TAB WELL 


DECIMAL TAB WELL 


an icon known as the ‘insertion point’, which will 
allow you to insert text from that position. If you 
move the cursor up or down from this point, 
however, the corresponding text will be shown in 
inverse video, which in effect marks the block. A 
second press on the mouse will then set the other 
end of the block. 

Once marked, a number of different operations 
can be performed on the block. By returning to the 
Edit menu, for example, you can select the Cut 
option, which places the block in a ‘clipboard’. 
This is a buffer that stores the block before 
operations are performed on it. To view the 
contents of this buffer, you select the Show 
Clipboard option in the Edit menu. By setting 
another insert point and returning to the Edit 
menu, you can select the Copy or Paste options, 
which allow you either to copy or transfer blocks 
into that position. Note that any blocks involved in 
these operations will automatically be reformed. 

The Search menu contains the Find/Replace 
commands and is identical to that implemented on 
most other word processing software. 


ARANGE OF FOUNTS 


Many word processors allow different founts to be 
used within a particular document, but most of 
these are limited to those used for emphasising, 
such asitalics and bold face. Furthermore, because 
most packages confine themselves to using the 
character matrices already held within the 
computer’s operating system ROM, it’s usually 
impossible to see exactly how the document will 


DOUBL.E-SPACE BOX 





RULER : TITLE BAR 


TAB MARKER RIGHT MARGIN MARKER 


appear until it has been printed. 

MacWrite, however, contains many different 
founts, with more being added as each new version 
of the software appears. Also, because the 
Macintosh text screen is bit-mapped, rather than 
having the usual character cell arrangement, these 
founts can actually be displayed on screen. 
Despite this facility, however, the system is not 
perfect. Many of the founts, such as London 
(a Gothic style) are almost illegible on screen. 

This bit-mapping facility is used to somewhat 
better effect within the Style menu, a series of 
options providing the more usual forms of 
emphasis and effect, such as underline and bold 
face print. These can be printed on screen in order 
to gauge their effect before sending the document 
to the printer. 

Most of MacWrite’s page layout functions are 
held under the Format menu, although the actual 
page size formats are held in the File menu. 
Headers and footers (standard titles that will 
appear on the top and bottom of each printed 
page) can be set, as well as the page number, time 
and date. ‘The last three are displayed as icons that 
can be ‘dragged’ from their own menu bar and 
placed anywhere in the header or footer area. 

Underneath the ruler at the top of the screen is a 
series of small arrow icons that can be dragged 
along to set the margins, paragraph indentations 
and Tab settings. The document will be reset 
automatically when any parameters are changed. 
Two boxes below and to the right of the ruler are 
“Tab wells’, from which you can obtain further 
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FULL JUSTIFICATION BOX 











icons and set them on the ruler. To the right of 
these are a number of page icons, each having lines 
to indicate their functions. The first three 
correspond to single, one-and-a-half and double 
line spacing, while the remaining four at the far 
end of the bar indicate justification. 


TEXT AND GRAPHICS 


The Macintosh allows text and graphics to be 
combined on the page and displayed on screen 
(see page 1581). MacWrite supports this facility, 
although pictures and images have to be drawn 
with MacPaint and MacDraw, the art packages 
bundled with the Macintosh. Pictures can be 
accessed by means of the Scrapbook facility, which 
is part of the Macintosh’s built-in desktop. The 
Scrapbook is an area of memory set aside to store 
and transfer both text and graphics anywhere 
within a document. Furthermore, because of the 
machine’s flexibility, the pictures can be adjusted 
























And In This Corner 


MacWrite does have its competition. Two of the 

most notable word processing alternatives for the 

Macintosh are Word from Microsoft and MacAuthor 
from Icon Technology. Both address the central 
problem with MacWrite — it is unable to handle 
more than a few pages of text. At first glance, both 
packages appear similar to MacWrite, with icon- 
driven commands and a Screen surrounded by the 
scroll and title bars. However, they contain 
additional features that make the Macintosh a much 
more serious proposition for attempting 
professional word processing. 

| | Word contains a number of features intended to 

| allow greater flexibility and power, enabling up to 
four documents to be manipulated on screen at 

once. It also offers an improved type of Glossary, 
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to any size required. 

Although MacWrite is an extremely easy 
package to learn and use, it nevertheless has its 
drawbacks. To begin with, the program leaves little 
memory space available for text on the standard 
Macintosh. This might be difficult to believe 
considering the machine has 128 Kbytes, but the 
operating system and bit-mapped screen use up a 
lot of space. Also, the fact that MacWrite’s text 
resides entirely in the computer’s memory (as 
opposed to some other advanced word processors 
that continually save the text to disk) means that 
only about five pages or so can be written into the 
machine before it runs out of memory. 

For all of that, though, MacWrite is an unusual 
package based around an unusual operating 
system. The way in which the WIMP format has 
been adapted for an application that has 
previously relied entirely on keyboard entry is 
both intriguing and ingenious. 








MacAuthor 













rather than relying in the Scrapbook facility, which 
has its limitations. 

While Word is intended as a business word 
processing system for the Macintosh, MacAuthor, 
as the name suggests, is aimed at writers. It has 
been developed to enable the greatest possible 
flexibility in the use of characters. The user can 
create new characters, for example, by combining 
those within the existing character set and altering 
the ‘style’ of the text at will. Because of this greater 
flexibility, MacAuthor is somewhat harder to get to 
grips with than Word or MacWrite. Despite this, 
many professional writers may find the extra effort 
worthwhile 








STRUCTURAL SURVEY 


We continue our look at c by examining 
some of the control structures available in 
this language. Beginning with the logical 
operators and moving on to loop structures, 
we'll see some striking similarities to those 
found in BASIC and PASCAL. | 


The ordinary relational operators in c are the same 
as for most other languages — namely <, <= — 
>, >=-, but note that the symbol for equality is 
== and for non-equality is !=. The logical 
connectives are && for AND and II for OR. Operator 
precedence is as usual, so that complicated logical 
expressions can be constructed in much the same 
way as in BAsic. These expressions assume greater 
significance when you remember that an 
assignment has a value and can therefore be tested 
in a logical condition. By using the standard library 
function getchar(), for example, which fetches the 
next character from the standard input device, we 
can construct a condition: 





char_count (max_line_length-1 && (c= 
getchar()) !=/n && c!=EOF 


This will first test for a maximum number of 
characters and then, if this has not been reached, 
fetch the next character and check to see if it is an 
end of line or an end of file, all in one logical 
expression. 

A further feature is that logical expressions also 
have values; false is zero and true is one (in fact, 
any non-zero value will be taken as true). So, if 
necessary, logical expressions can be used in 
calculations. Conversely, simple numeric values 
can be tested directly without using any operators. 
The unary negation operator ! can be placed in 
front of any integer value and will change it to zero 
if it is non-zero, or to one if it 1s zero. ‘Thus, the test: 


if (tint_value) 


is equivalent to: 
if (int_value==0) 


In addition to the normal set of logical operators, c 
has a number of bitwise logical operators that can 
be used on any integer or char types to provide bit 
manipulation as provided by most assemblers. 
These are: 


& bitwise AND 

| bitwise inclusive OR 

A bitwise exclusive OR 

<<n — wherenis an integer, shifts left n bits 
> —>hn — wherenis an integer, shifts right n bits 
~ one’s complement 











As an example, the & operator is often used to 
mask off certain bits so that one or more in a word 
can be tested. To check if bit 3 is set to one in a 
single byte, c, we can use: 


if (c & 0x08) 


Note the notation 0x, which precedes a hex 
constant — a number that begins with a zero is 
taken to be octal. 

Selection in cis taken care of by the usual sort of 
[F statement, which takes the form: 


if (expression) 
statement_1 

else 
statement_2 


where the expression is normally a_ logical 
expression, but as we have already seen, it can also 
be any expression that gives an integer value. Note 
that there is no then and, as usual, the else part is 
optional. 

The statements can be either simple or else 
compound statements enclosed in braces, { }. 
Nested ifs can be a problem as with many 
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languages, but the usual rule is applied so that each 
else is matched with the most recent if. Should you 
want to change this, braces can be used. 

More complex selections, from more than two 
alternatives, can be handled by the switch 
construct, which performs the same sort o 
function as the PASCAL case statement. The format 
of switchis: 


switch(integer_expression) 


case value_1:statement_1; 
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default: default_ statement: 
} 


The case values must be constants and all 
different; the default case is optional. The case 
values serve as labels so execution does not 
automatically transfer to the end of the case 
statement when one of the cases has been dealt 
with. Instead, it ‘falls through’ to the next case. 

To prevent this, the break statement can be used 
to transfer control to the statement following the 
switch. An example of this is shown. 


LOOPING STRUCTURES 

Iteration, or ‘looping’, can be handled in three 
ways. The most commonly used construct is the 
while loop, which simply takes the form: 


while (condition) statement: 


As usual, the statement can be simple or 
compound (in braces). 

It is also common, if not necessarily good 
practice, to put as much of the body of the loop in 
the condition, remembering that the condition can 
be any integer expression. The following examples 
represent two ways of writing the same loop to 
input a sequence of digits as characters and 
convert them to an integer number, ending with 
the first non-digit: 


intnum; 

charc; 

num=0; 

c=getchar() ; 

while (c)='0’ && c (='9’) 

| num=num* 10+c - ‘0’; 
c=getchar() ; 


Note the way in which the characters c and ‘0’ can 
be used in arithmetic. The ASCII code is 


automatically taken in these cases and the values 


converted to type int for the calculation. The 
second method puts the assignment to cin the loop 
condition: 


num=0: 
while ((c=getchar()) >=‘0' &&c <='9’) 
num=num ~* 10+c-‘0'; 


Note here that there is only a single basic statement 
to be repeated so that there is no need to use 
braces. 

The second way of looping in C is to use the for 
statement. This is similar in some respects to the 
BASIC FOR...NEXT loop, in that there is an 
initialisation, a terminating (or continuing) 
condition and a ‘step function’ that gets repeated 
every time round the loop. In BAsic, as in most 
other languages, the initialisation is an integer 
value in an integer variable, the terminating 
condition is a final value that this variable must 
reach, and the step function simply adds on an 
integer value. In c, this statement is much more 
general: 


a TT 







a 








for(exp1 ; exp2; exp3) 
statement; 


continuation condition, exp2, and the loop will 
repeated as long as this expression remains true (or 
non-zero); exp3 is carried out at the end of each 
repetition of the statement. The BAsic: 


FORI=1 TON 
statement (s) 
NEXT 


has as its equivalent in c: 


for(i=15;i1<C=n; i++) 
statement; 


To illustrate the flexibility of the for construction 
and the power of the language, we could code the 
same loop as in the WHILE loop example to convert 
an input string of characters to an integer number 


as follows: nearly all need for a goto statement. There is a goto ~ 


for(num=0; (c=getchar()) >=‘0' &&c<='9’: in c, together with a mechanism for labelling 
num=num* 10+c-‘0’) : statements, but it is never nece.sary to use it and 
very bad practice to do so. Beyond acknowledging 
its existence, we'll not mention it any further. If 
you really must write a c program using gotos any 
comprehensive text book on c will suffice. 


Notice that the entire body of the loop is 
incorporated into the condition. This is often 
possible in c but it is debatable whether or not it’s 
good practice. The code that is produced is 
certainly compact and efficient, but it 1s also very 
cryptic. 

There is a third way of looping in c, which is the 
equivalent of a PASCAL repeat. . . until loop. Unlike 
the other two constructs, the testing is done at the 
end of the loop rather than at the beginning, and 
takes the form: 


do 


Prime Example 
Our Sample program counts and 
prints all the prime numbers 
between 2 and 1000. Note the 
compact code produced using 
the pre-incrementing instruction 
++ and the format of the FOR 
loop 


statement 
while(condition) ; 


This construct, however, is very rarely used. 


BREAK AND CONTINUE 


There are two additional statements that make 
loops rather easier to use than in other languages. 
We have already come across the break statement. 
If a break is encountered in the middle of a loop, 
execution will immediately transfer to the 
statement following the end of the loop. The 
following example will read a succession of 
characters terminating with a Return, but it will 
also break out of the loop if a Control C (ASCII 


code 3) is typed: 


‘a 
wn 





while((c=getchar 


ifc== 
break 
else 
/* continue processing c */; 


The statement works in a similiar way but simply 
moves on to the next execution of the loop rather 
than breaking out entirely. It is not very commonly 
used. 
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READ THE 
INSTRUCTIONS 





We begin a detailed look at the instruction 
set of the Motorola 68000. Here, we discuss 
the simplest examples: data copying 
instructions such as MOVE and PEA, and 
several of the arithmetic instructions. 


Scar se 





ia the previous two ean cHEt we examined ihe 
way the 68000 addresses its operands, and 
showed you how we use some of the basic 
instructions (such as MOVE, ADD and the 
generalisation ‘OPCODE’). Let’s now move on to 
look at the instruction set in a bit more detail, 
starting with the data copying instructions and 
then moving on to the computational instructions, 
which involve binary arithmetic. 

We will demonstrate the usefulness of more 
important instructions, and highlight any 
significant detail or possible pitfall in using them. If 
you intend to program the 68000 extensively, 
however, you should consider purchasing either 
the Motorola 68000 User Manual or one of the 
other publications mentioned in this series. 

Before considering the instructions, we need to 
examine in a little detail the contents of the status 
register (SR). Half of this register contains the 
condition codes that indicate the result of the last 
executed instruction. Each condition code may be 
considered as a one-bit memory allocated to a 
particular arithmetic condition. Let’s examine 
each of these in turn: 
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@ BIT 0: Carry Bit or C Bit: This bit is set when an 
arithmetic operation produces a carry out from the 
most significant bit of the data operand. For 
example: 


adding 01100000 
with 11100000 


gives 101000000 


In this case, the 1 is carried out from the most 
significant bit of the sum, which is of byte-length. 

In this example the carry out is moved into the C 
bit of the SR, and not into the least significant bits 
of the next data size up (a word in this case). Also 
note that the carry out may or may not be 
significant — it depends entirely on what you are 
doing. If, for example, you were computing some 
multiple precision result (over more units of the 
data operand) then the C bit should be significant. 


® BIT 1: Overflow Bitor V Bit: This bitis set when 
the result of the computation will not fit in the bit 
range of the data operands. For example, adding 1 


Exalted Status 


The 32-bit status register is divided into system and user 
sections, the bit significance of which is shown here. Note the 


| Status bits used to flag the processor modes — the 68000 can 


operate in two modes, supervisor and user. The reason for this is 
that in a multi-processing environment it is necessary to be able 
to keep an eye on the different tasks being executed. Typically, 
tasks will be carried out by the 68000 in user mode (which has 
its own separate stack pointer and does not allow alteration of 


| the system status bits), and system software (such as for 


overseeing tasks) is executed in Supervisor mode. 
To begin, you will generally find it more convenient to use the 


/ 68000 in supervisor mode, in which all opcodes are legal, rather 


than dealing with the problem of avoiding privileged instructions 
in user mode. Additionally, the 68000 possesses a ‘trace’ mode 
— this is a powerful debugging facility that allows the user to 
‘single-step’ through instructions, while the 68000 


| automatically calls a user debug routine after each instruction 
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to 32767 (the maximum positive integer for a 16- 
bit word) will give overflow for word data 
operands, and the binary result will be 
meaningless. 


© BIT 2: Zero Bit or Z Bit: This is set when the 
result of a previous computation is zero. 


® BIT 3: Negative Bit or N Bit: This is set for 
negative results. 


© BIT 4: Extend Bit or X Bit: This bit is used for 
multiprecision operations, but it is generally the 
same as the C bit (although not affected by MOVE 
instructions). 


DATA COPYING INSTRUCTIONS 
The 68000’s data copying instruction is MOVE, 
which copies from the source to the destination. It 
is a versatile instruction — any source addressing 
mode can be used with it and most addressing 
modes can be used as destinations (with the 
exception of address registers, PC relative modes 
and immediate mode). This group of addressing 
modes is known as the data-alterable mode, and 
there is also a subset of this grouping called the 
memory-alterable modes (data-alterable less the 
data registers). Both of these groupings will be 
discussed later. 

Returning to the question of using the MOVE 
instruction — neither of the following move 
instructions is allowed: 


RORG $1000 

MOVE D2,BETTY PC relative not allowed for BETTY 

MOVE D2,A2 _— Address register not allowed as 
destination 


Note that only the N and Z bits in the SR are 
affected by the MOVEinstruction, V and C being set 
to zero. 

To get over the problem of address registers as 





destination operands, there are two options: 


@ Using MOVEA, which takes the contents of the 
source operand and copies it to the destination 
address register. 

® Using LEA, which takes the source address 
(usually absolute) and copies this into the address 
register. 


Neither of these two instructions will affect the 
condition codes. In the same way, there are special 
instructions to move data to and from the status 
register and the user stack pointer, but these are 
more concerned with systems programming. 
Another extremely powerful data copying 


instruction is MOVEM, which allows you to save or 


retrieve any declared registers (address or data) to 
or from consecutive memory locations. This 
means, for example, that on entry to a subroutine 
any registers that would otherwise be corrupted in 
the subroutine can be saved, and then restored on 
exit. For example: 


entry MOVEM D2/D4/A3,PAD 
| (subroutine code uses D2, D4 
and A3) . 
exit MOVEM  PAD,D2/D4/A3 


This will save D2, D4 and A3 in PAD on entry, and 
then restore these registers on exit. Alternatively, 
the registers could be saved on the stack. So, for 
example, we could have: 


entry MOVEM D2/D4/A3,-(SP) 
subroutine code 
MOVEM  (SP)+,D2/D4/A3 


Another variation on the MOVE instruction is the 
quick MOVE (or MOVEQ) instruction. This is useful 
when setting up signed eight-bit constants (+127 
to -128) in a data register within one memory 
word. Typical uses would be setting up loop counts 


exit 
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Move Along, Please 

The powerful MOVEM 
instruction lets you manipulate 
‘register lists’ in sequence 
within one instruction. Its use is 
shown here in conjunction with 
the pre-decrement and post- 
increment instructions to push 
and pull three registers onto the 
stack. The position of the stack 
pointer is shown before and 
after each instruction 
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Want To Make A Swap? 

Using long word storage may 
prove rather unwieldy where 
word- or byte-length operands 
are required. SWAP helps us get 
round this by transferring the 
values in bits 0 to 15 of a 
register with those in bits 16 to 
31. Additionally, EXG (the 
exchange instruction) enables 
the swapping of long words, as 
shown in the lower diagram 


EXCHANGE D2. D 


a 
*. 





into a data register. For example: 
MOVEQ #34,D2 


would set up 34 in D2 in one memory word. Note 


that if you leave off the Q, some assemblers do not 


assume the quick mode. Therefore, the instruction 
MOVE #34,D2 would be coded into two words. 

Another data copying instruction which can be 
useful for stack operations is PEA, or ‘push 
effective address’ onto the stack. For example, PEA 
BETTY will push the address of BETTY onto the stack 
— perform -(SP). 

Finally, let’s have a look at the register swap and 
exchange instructions. As its name suggests, the 
SWAP instruction swaps whole words within a data 
register. For example: 


SWAP D2 


will swap the word contained in bits 0 to 15 with 
the word in bits 16 to 31. This can be very useful if, 
say, we wish to repeat some computation on words 
stored in full long words in a data register. In sucha 
case, the procedure would be: 


® Load full long word into D2 
®@ Compute on word 

® Swap D2 

® Compute on word 

® Swap word 


There is also an exchange instruction, EXG, which 
exchanges full 32-bit words in_ certain 
combinations. Some examples are: 


EXG D2,D3 Exchange between data registers 
EXG A3,A4 Exchange address registers 
EXG D2,A5 Exchange data and address 


This instruction is really a SWAP for use with the 
full 32-bit sized words. 
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INTEGER ARITHMETIC 


These instructions form the basis of all arithmetic 
computations (whether on fractions, real or 
double-precision objects) that involve, at the basic 
level, adding binary bits together. Even if your 
application does not involve numerical 
computation, you still need to be able to carry out 
simple arithmetic operations so that you can, for 
example, convert character codes or form array 
indexes. 

The ADD instruction simply adds the source to 
the destination and stores the result in the 
destination. The data objects can be any of the 
data attribute sizes, and all the condition codes are 
affected. For example, ADD.W D2,D3 will add the 
word contents of D2 to D3 and store the result in D3. 

All the addressing modes can be used for the 
source data, but you need to use a special 
instruction, ADDA, if your destination is an address 
register. So, ADDA D2,A4 will add the contents of D2 
to A4. 

In the case of immediate data, there is also a 
special instruction, ADDI. This adds the immediate 
data (all attributes allowed) stored as an extension 
word to the destination (only data-alterable 
modes allowed). So, ADDI #3423, BETTY will add 
3423 to the contents of BETTY. 

As with the MOVE instruction, there is also a 
quick form of ADDI called ADDQ. Using this 
instruction, however, the data is restricted to the 
range 1 to 8. Thus ADDQ 5,D2 would add 5 to the 
contents of D2, and the whole instruction occupies 
one word. 

An important point to note with the ADD 
instructions we’ve looked at so far, is that any carry 
will not be included in the destination sum. If we 
want to do this — particularly with multiple- 
precision arithmetic — then we need to use the 
ADDX instruction. ADDX D2,D4 will add up the 
contents of D2, D4 and the extend bit in the SR, and 
store the result in D4. Let’s say D2 is 0000 0000 and 
D4 is 0000 0001 with X=1, then after ADDX is 


executed D4 becomes 0000 0010. However, if we 


had used the ADD instruction, D4 would be 0000 
0001. 

The next group of arithmetic instructions we 
need to consider is the SUBtract group. This set of 
instructions is complementary to the ADD set, with 
the same addressing restrictions and condition 
code settings. The following typical examples of 
the instructions are all valid: 


SUB D2,D3 Subtract D2 from D3 
and put the result in D3 
SUBA #4,A3 Subtract 4 from A3 


SUBI #200,D2 Subtract 2 from D2 
SUBQ #1,D2 Quick subtract 1 from D2 
SUBX D2,D4 — Forms D4-D2-X in D4 


Notice that Motorola does not supply a separate 
increment or decrement instruction. To perform 
these functions, you need to use the quick versions 
of the ADD and SUB instructions instead — after all, 
they only occupy a single word! 
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